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SUMMARY

The Town of Silver City (Town) provides water to approximately 20,000 residents in

the Town and to the local water associations of Pingaltos, Tyrone, Rosedale and the

Arenas Valley. Wat er f or wuse by the Town of Silver Ci

wellfield (three wells in production), the Woodward wellfield (five wells in poduction) and

the Gabby Hayegeplacementwell. The groundwater resource that supplies the Towwells

is the Gila Group aquifer. The Town is interested in the reliabilityof source waterfor future

use and wellfield service life. An evaluation of wellfield service life based on the widely

applied MODFLOW prog ram is used to estimate future wellfield conditiosr In the course

of water planning, the Town developed a hydrologic model to assist with understanding
changes to the hydrologic system associated
Planning Model 6 ) . The Pl anni ng Wwateduses beaidethavaithet s f or
Town, including the Village of Santa Clara, the City oBayard, and mining uses a€hino

Mines Company (Apache, Stark and Whitewater wells), Cron Ranch and Tyrone Mine.

Domestic ard stock wdls are also included in the model.

The Planning Model includesa well hydraulics package developed for MODFLOW
that accounts for wellfield production based on the lowest practical pumping water levels in
individual wells. For planning purposes, a geneal well water-column requirement of 120
feetin the Town wells allows for pump submergence under operating conditions. The well
hydraulic package accounts for individual well efficiency that relates feet of head loss in the
well to the rate at which it is pumped. The constant specifietbr each well is based on the
specific capacity that was observed during a fietdsting program in the winter of 2016
Wellfield service life is expressed in terms of a schedule of producible water from existing

and alternative wells sites during a 49ear planned period of use.
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Town groundwater diversions have grown from about 500 acre feet per year in the
195006s to an aweacr teet peoyeasircd year 2012ThedTown of Silver
City is permitted with the New Mexico Office of the State Engineer to divert up to 4,566.64
acre feet per year from the wells thaturrently supply its municipal water system. We
evaluated data on trends of expansion to the Town of Silver City water system and
developed, for planning purposes, two growth schedules of water use (low and high) based
on observed annual growth rates (0.5 and 1gercent) in the number of connections to the
Town of Silver City water system. The scheduled growth is intended to account fiwet
demand required to supply all connections to the Town of Silver City water system while
recognizinghistorical trends that have been observed. Future water demand is uncertain.
On the |l ow growth pr oj ec tdoesnotexdedgermiledwated s wat el
use in the next 40 yearon the high projection, the Tavn exceeds its permitted water use in

38 years.

We evaluate the capacity of the Town of Silver City wellfieldad meet the high
annual rate (1.6percent) of growth in water demand. Theanalysis indicates that as

presently configured, the Town of Silver City wells can supply the growth in demand

The Planning Model simulates 18,20 acre feet per year of groundwater flowing
through the Gila Group aquifer in the study area. In the longerm, the Town of Silver City
wells can divet a portion of the estimated 18,80 acre feet per year at the expense of
depleting flow that otherwise would flow into Mangas Spring, the Gila River and would
discharge to vegetation on the Mimbres River and fglayas in the Mimbres Basin. That
condition represents an inevitable future equilibrium for the Town of Silver City wells in
which groundwater levels cease to decline. In the long term, the Town of Silver City
wellfield as presently confyured can sustai a yield of 4,100 acre feeper year. Well

deepening wouldincrease the sustainable yield.
Water routed through the Townds distributd.i
treatment plant (WWTP) about four miles southeast of Town Treated effluentfrom the

WWTP is used for irrigation ¢firigatoeofdlacainds mun
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ranch andthe remainder isdischarged into San Vicente Arroyo. The treated effluent
discharged into the arroyo infiltrates into the ground and rechargeseti@Gila Group aquifer.
That recharge was approved by the OSE (November 26, 201di) groundwater credit
allowing a diversion up to 747 AFY. The approved water use is a key component of plans
to develop a regional water system through an effort coordinatég the Grant County

Water Commission (GCWC). The GCWC includes representatives from the incorporated
communities of the Town of Silver City, the City of Bayard, the Village of Santa Clara, the
Town of Hurley and Grant County. Development of the regionabkystem is planned in
stages. The approach is to use the Town of Silver City water rights for municipal purposes
by first establishing a water system for use by the Town of Hurley, then expanding that
infrastructure to the City of Bayard, Village of Sant&lara and then to the Town of Silver
City systems. Overall, the regional water system is intended to provide additional water for
the communities of central Grant County and to support commercial and residential

development as may be needed.

3 BALLEAU GROUNDWATER, INC.
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INTRODUCT ION

The Town of Silver City (Town) provides water to approximately 20,000 residents in
the Town and to the local water associations of Pinos Altos, Tyrone, Rosedale and the
Arenas Valley(Figure 1). In 2006, the Town developed a supplemeakt documenton water
use and wellfield service as part of its 40ear Plan (BGW, 2006). The 2006 document
described an examinatioo f t h e T o wand kistowy eflwatdér use, lardassessment of
the capacity of the wellfield to meet priected water demandver 40 yars and in the longer
term to address sustainability of well yield This document updates thasupplemenal
documentwith new data to assess projected water demaadd describes actiosince 2006

that the Town has taken to enhance its water supply

Water f or use by the Town of Silver City (To
(three wells in production), the Woodward wellfield (five wells in poduction) andthe
Gabby Hayesreplacementwell (Figure 1)* The wells are located about five miles
southwestof the Town in central Grant County, New Mexico. The groundwater resource
that supports the Town wells is the Gd Group aquifer. Wat er routed through
distribution system is returned to the wastewater treatment plant (WWTP) about four miles
southeast of Town(Figure 1). Treated effluent from the WWTP $ used for irrigation of the
Townd s mu ngolfccourse irrigation of a local ranch and didtarged into San Vicente
Arroyo. The treated effluent discharged into the arroyo infiltrates into #gnground and

recharges the Gila Group aquifer.

The New Mexico Office of the State Engineer@SE) administers groundwater
diverted from the Town wells in two declared underground water basins: the Gitgan
Francisco Basin and the Mimbres BasinThe boundary between the two administrative

basins is generally coincident with the Continental Divid¢Figure 1).

! The Anderson Well is shown on Figure 1; however, it is currently inactive.

4 BALLEAU GROUNDWATER, INC.
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Underground, Water.
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Figure 1. Location of the Town of Silver City, local water associations, Village of Santa Clara, City of Bayard and the
Town of Hurley. Silver City currently diverts water from theFrank 8 s and Woodwartle wel | fi el ds
Gabby Hayes Replacement Well (Anderson Well is inactive).

OSE records indicate the Town is permitted tdivert up to 4,566.64acre feet per
year (AFY) from F r a nWellfisld, the Woodward Wellfield, the Anderson Well and the
Gabby HayesReplacement Well combined In years 2010 through 2016 hte Town diverted
an average of 2,400 AFY (combinedrom those wells

In addition to the water use permits desibed above, he Town has permitM-2846
for two production wells located in the area of the Grant County Airport (Figure 1)which
allows diversion of up to 940.2 AFY. Groundwater diversions under permit M2846 are a
key component of plansy the Town, in cooperation with the Grant County Water

Commission, to develop a regional water system to enhance the reliability the water

5 BALLEAU GROUNDWATER, INC.
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supply for the communities of entral Grant County. Additional detail regardingthe
T o wn & s histaidallwater use recentchanges in watetuse permits,plans for a regional
water systemand an assessment of the capacity of the Town wells to meet projections of

future water demand are described in this report

Purpose and Scope

The Town is interested inan assessment of source water for futuose and wellfeld
service life. On August 19, 2015he Town authorized Balleau Groundwater, Inc. (BGW)
to evaluatethe service life of the wells that supply its municipal water systefor planning
purposes The objectives of the analysis arel) to assess water levels and hydraulic
performance of thelT o w nadtige wells, 2)to compile records on current levels of Town
water use and on the curr enanfildwtlvtleelOSE §tot h e
devebp a projection of future Town water demand for the next 40 years adjlto evaluate
t he Townods we lbaded oa andanalyssrthatitakes intb acdoent what is
currently understood about the regional aquifer system and water usehe analysisis
intended to combine information from databases available to BGW with data and analyses
from previous studies on the Gila Group aquifer so that an interpretation of wellfield service
life can be made. The report is designed to be an addendum to the Téws -YdabPlan
(the 40Year Plan) (Engineers, Inc. and Geohydrology Associates, 1993) with regard to
projected water use and wellfield service life.

Previous Work

Others have studiedervice life of the Town wells. Koopman and others (1969)
evaluatedTown well water columns and water use at that time and estimated that selected
well water columns in Town wells would reach half of their initial water column within a
range of time from years 1970 to 2000. They identified alternatives to extend weltiel
service life by limiting production and expanding wellfields. Projected levels of water use
were based on demand projections and analytical methods for calculating rates of water
level drawdown (Theis,1935).

6 BALLEAU GROUNDWATER, INC.
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Trauger and others (1980) used methods siar to Koopman and others (1969) to
revise earlier estimates and conclusions as a result of new findings associated with
additional records of wellfield use and observations. They used a generalized computer
model to make 40year projections of drawdownin Town wells and to indicate that

development of new wells and wellfields would extend the useful life of existing wells.

At the request of the New Mexico Interstate Stream Commission, the OSE (Johnson
and others, 2002) evaluated the hydrologic effectf continued groundwater pumping to
meet estimated future water demands for users of the Town of Silver City water system and
the Towns of Central and Bayard. The evaluation of groundwater supplies is based on the
OSE model of the Town of Silver City aea. Future water demand for the Town is based on
population projections and is estimated to be about 4,800 AFY by year 2045 (Wilson, 2001).
Remaining water columns for individual wells operated by the Town are reported for model
scenarios in which Town wells supply future demand for the Town, for Central and Bayard
and for Grant County commercial and industrial uses. The report does not specifically
address individual well lifetime, but reporton the remaining well water columns for

planning purposes ima regional assessment.

The Town developeda supplemental document to its 4§ear plan addressing water
use and wellfield service life (BGW, 2006).The study develops a future water use schedule
intended to account for the demand required to supplyrowth of all Town water
connections. The analysisof wellfield service lifeis based on théwo-dimensional model of
the Gila Group aquifer developed by the OSE (Johnson, 2002T.he study cancludes that
in the long term,the Town wellfield can sustain a yeld of 4,200 AFY. The study also
quantifies a limitation on yield at the Gabby Hayes well related to its pump settihgnd

concludes, that with regard to general wellfield interference, a replacement well is preferable

2In 2006, the Gabby Hays Well had a few hundred feet of water column, but an offset (damage) in the casing prevented
lowering the pump to accommodate the regional declain the static water level. In 2011, the Town moved forward with
drilling a replacement well within 100 feet of the original well. The replacement Gabby Hayes well was completed in the
spring of 2012 with a new casing and water column that accommodatesvering the pump as may be needed. That is,
the replacement well addressed the issue of yield inhibited by lowering the pump below the offset in the casing.

7 BALLEAU GROUNDWATER, INC.
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to a new Continental well that was one option under consideration (in the area of the

Continental Divide).

In the analysis herein, we build on the previous woskdescribed abovand update
information on Town well water levels and performance, update cerds of historical water
use, descri be r ec e natergseparmits ansldescnbet three TToownmidss
support for a regional water systemWe alsopanal yze the Townds well fie
the next 4 years and in the longer term to addressistainability of well yield. The analysis
is updated with athree-dimensional hydrologic planning model developed by the Town for

to assess hydrologic effects from managemerttian related to water use.

HYDROLOGIC PLANNING  MODEL

In the course of wate-use planning,the Town developed aydrologic model (BGW,
2012) to assist with understading changes to thénydrologic system associatedith
groundwater developmen{ her eaf t er 0t h e ThePlaanmng Model prdvides e | 6 )
a mathematical simulationmethod for examining the sources of water that have supported
historical groundwater developmentegionally and for calculating the projected effects of
proposed future wateimanagement actions in the area of the TownThe Planning Modelis
based on theJ.S. Geological Survey (USGS) MODFLOW 2005program (Harbaugh,
2005). The calibration is based omeasured surface water flow in the area of Mangas
Spring and to independent estimates of groundwater flowtmthe Mimbres Basin and on
water levels and the Istorical trends of waterlevel change obswed at the Townwellfields.
The Planning Model provides a tool suitable for assessing hydrologic effects on selected
water featuresdrom historical and projected changes in water use, duas examining

hydrologic effects fromscenarios of watetuse gowth for planning purposes.
For the technical assessment of wellfield service life described herein, we use an

adapted version of thdBGW (2012) model that refines the representation of bedrock

springflowsthat recharge the Gila Group aquifer east of the Town and generally north of

8 BALLEAU GROUNDWATER, INC.
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the Village of Santa Clara.The adaptation results in minor changes to the regional aquifer

flow budget, but does not appreciably affect the assessment of wellfield service life

The Planning Modelis based orthe drawdowrHimited, Multi -node Well (MNW)
package for the USGS groundwater flow model MODFLOW (Halford and Hanson, 2002).
The MNW package allows users to simulate wells that are productidimited based on
lowest practcal pumping water levels in individual wells. The user specifies a desired
pumping rate and an amount of drawdown to the well water column that maintas
acceptable pump submergencelhe model then calculates the declining yield that occurs to
individual wells when pumping water levels reach the lowest levels necessary for operation.
Wellfield service life is expressed in terms of a schedule of producible water from existing
and alternative well sites during &0-year planned period of usand during along-term
analysis of well yield sustainability Figure 2 illustrates theterms treated in the Planning
Model.

INITIAL FULL RATE CONDITION  END OF FULL RATE CONDITION DECLINING RATE CONDITION

> Yield = 500 gpm > Yield = 500 gpm > Yield = 250 gpm

SWL

-\—' - e - 7
Future
[Ed } Reduction

e

5 In Aquifer
= PWL Thickness
D el b -
O SWL
< Rt e | R
SWL

% 75 ft —* — e | —7
e 50 ft
9 } ;
® __PKL.__,_____-__P-‘!L..______ - Lowest Level
= [ Allowed for
) I | o | o | Pump

1201t Submergence

Backill Backill Sediment Backfill

Drawdown = 75 ft Drawdown = 75 ft Drawdown = 50 ft
Specific Capacity = 6.7 gpm/ft Specific Capacity = 6.7 gpm/ft Specific Capacity = 5.0 gpm/ft

Figure 2. Planning factors for well service life.
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SETTING

The regional geohydrologyin the areaof the Town is adapted fromthe report
describing the Planning Mode(BGW, 2012) and presentetierein for convenient reference.
Additional detail can be reviewed irBGW (2012).

Geohydrology

Geology in the area of interest has been reported in previous studies (P2l 6;
Koopman and others, 1969; Trauger, 1972; Hanson and others, 1994 and Hawley and
others, 2000). A geology majpf the area is shown on Figure adapted from Hawley and
others, 2000). The area of interest is dominated by a northwastnding strucural feature
described as the Mangas Trench (Trauger 1972, p. 22) and also known as the Mangas and
San Vicente Subbasins (Hawley and others, 2000). The eastern boundary of the trench is
marked by a fault trend along the Silver City Range. The western edig bounded by the
Precambrian uplift of the Burro Mountains. The principal aquifer that supplies the Town
water system is the late Tertiary to early Quaternary Upper Gila Group (Woodward
wel |l field area) and the | at e ellfiddraread) @awey Mi dd | e
and others, 2000, Plate 1).

The continental divide runs through the study ameand is the topographic divide
bet ween the Frankds and Woodward well fields.
Mimbres Basin. In the study aea, the principal drainage in the Mimbres Basin is San
Vicente Arroyo, which is ephemeral throughout most of its length (Hanson and others,
1994). Groundwater in this area generally flows southeaaslong the axis of SarVicente
arroyo until it dischargesto vegetated portions of the Mimbres River and to playas in the

Mimbres Basin outside of the study area.

Northwest of the continental divide is the Gila Basin. The principal drainage of the

study area is Mangas Creek, which becomes perennial at Mangasifg about 12miles

10 BALLEAU GROUNDWATER, INC.
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EXPLANATION
g :| AD Alluvial deposits of major ephemeral streams :l K Cretaceous rocks
& |:] LQ Late Quaternary fluvial hydrostratigraphic units I:l Pz Paleozoic rocks
% |:] QPS Quaternary piedmont slope hydrostratigraphic units - PE Pre-Cambrian
UG BF Upper Gila Group hydrostratigraphic units [ Vv Volcanics (Quarterinary and Tertiary)

- Basin-floor facies

- UG PF Upper Gila Group hydrostratigraphic units
- Piedmont facies
UG MLG Middle/Lower Gila Group
hydrostratigraphic units - Middle and Lower Gila

TERTIARY

w
z
w
o
o
w
2
[
2
]
o
o
I
2
a

Fault (dashed where approximated)

Adapted from: -
Hawley, J.W, Hibbs, B.J., Kennedy, J.F, Creel, B.J,Remmenga, M.D., Johnson, M., Lee, M.M. and Dinterman, P., 2000, 0 5 Miles

Trans-Intemational Boundary Aquifers in Southwester New Mexico (Plate 1 — Surface Geology and Hydrostratigraphic | 1 1 1 1 |
Units of the Southwestern New Mexico Region) New Mexico Water Resources Research Institute, Technical Completion Report.

Figure 3. Geology in the area of the Town of Silver City.
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from the continental divide. Mangas Spring is produced from the intersection of the water
table with the land surface, where groundwater is gendsaflowing northwest within the

Mangas Trench toward the Gila River.

Aquifer Flow Budget

In general, regional water levelgary with aquifer rechargeor discharge that may
occur from natural processes or from managed water use and by diversion of groundwater
from wells. Groundwater diversions remove somef the water stored in the aquifer. The
water removed from the aquifer causes water levels to drawdoun the area of the active
wells. As well pumping progresses over time, the drawdown expands radially from each of
the active wells. Over the long term, the sustainable quantity of water available for use is
related tocaptureof groundwater that otherwse would flow through the aquifer and
discharge to the Mimbres Basin to the southeast and the Gila Basin to the northwest. That
captured amount is in addition tothe stored water in the aquifer and is related to the extent

over which the drawdown from pumping expands.

As shown on Figure 4, he Planning Model simulategecharge to tle regional aquifer
system totalingl18,200 AFY (with 4,600 AFY derived as underflow from the area north of
the model domain and 13,600 AFY as direct recharge)hat quantity is balanced by
9,100AFY that flows toward the Mimbres Basin to the southeast, 2,300 AFY that flows (as
baseflow) to the Gila River, 4,80 AFY of basefow gain to Mangas Creek and 2,d0 AFY
of groundwater discharge to ET.In the long term, the Town wellscan divert a portion of
the estimated 18,20A\FY at the expense of reducing baseflow to Mangas Spring, the Gila
River and flow to the Mimbres Basin. That condition represents an inevitable future
equilibrium for the Town wells in which groundwater levelgegionally cease to decline.
The question at hand is the schedule and rate at whiclpartion of the estimated
18,200 AFY can be captured by the Town wells and managed with thezolume of aquifer
storage b meet future demand. As will be illustrated latein this report, the Planning

Model provides a means to evaluate that schedule and rate of depletion of each source.

12 BALLEAU GROUNDWATER, INC.
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Figure 4. Planning Model aquifer flow budget.

EXISTING WELLFIELD  FACILITY

In the summer of 2002and the winter of 2016 BGW conductedfield surveys of the
wells operated by the Town.A map of well locations indicating active and inative wells is
shown on Figure 5 Yield and drawdown in wells with existing pumps were measured to
guantify individu al well specific capacities. For some of the wells, we monitored water level
recovery after well pumping was shut down so that aquifer transmissivity for individual well
completions could be estimated A summary of information regarding the Town wells ad
findings during the field survey of 200&nd 2016 areshownon Table1.Fr ank ds wel | s
through 4 are shallow in comparison to the othewells (less than 600 feet deep)Voodward
Well 1 needs treatment for iron bacteriand the Anderson Well produces anix of water

and sediment; althoughboth the wells arecurrently not in production, we simulated their

13 BALLEAU GROUNDWATER, INC.






































































































